Patellar stress fractures, even with clearly visible minimally displaced fracture line, can successfully be treated conservatively with nonoperative management.
Introduction
The overuse and repetitive loading of a bone causes a stress fracture, commonly occurring in the weight-bearing structures of the lower extremities of athletes, but rarely the patella. Patella stress fractures are an extremely rare occurrence. Müller first described a patella stress fracture in 1943 (1); however, we could find <15 reported cases in literature since that time [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12] . The patella is a sesamoid bone embedded within the extensor mechanism of the knee. The joint reactive forces of the patellofemoral joint can be as much as 7 times a person's body weight [13] . The patella has a profound blood supply that receives its contribution from six different vessels about the knee [14] . This network of vessels forms a vascular ring around the patella with the overall blood flow running from distal to proximal, which likely help explains the rarity of patella stress fractures [15] . Patients with a patella stress fracture usually present with anterior knee pain. Anterior knee pain is a very common complaint in the general population with a wide etiology, of which patella stress fracture is very low on the differential diagnosis. Thus, a thorough history and examination as well as appropriate imaging are required to reveal the diagnosis. Once the diagnosis is made, some uncertainty exists as to the course of treatment, as this is a very rare condition that has not been extensively studied. The goal of treatment is to obtain healing of the stress fracture while avoiding displacement. Conservative management includes immobilization in a cast or brace, locked in extension, with partial or non-weight bearing for 4-6weeks.Low-intensity pulsed ultrasound (LIPUS) has shown some promise in aiding in healing fractures with delayed union [16, 17, 18, 19] . Vitamin D and calcium supplementation are recommended. Serial radiographs should be taken to monitor healing. If the patient fails a trial of non-operative management or significant displacement occurs, then surgical fixation with or without b o n e g raf t i ng / b i ol og i c a l aug m entat i o n wo u l d b e recommended.
Case Report
A 17-year-old female high school senior gymnast, who had signed a full scholarship offer for Division I collegiate gymnastics, initially presented to our office after 3 months of anterior knee pain. Her pain had gradually worsened in severity over this time period and was, especially, painful with dismounts and jumping activities. She had previously sought treatment with her primary care physician who had diagnosed her with patellar tendonitis and was being managed conservatively with the help of the school's athletic trainer. She denied any history of amenorrhea, eating disorders, or previous stress fractures. Initial radiographs obtained in our office revealed what appeared to be a non-displaced transverse fracture of the inferior pole of the patella (Fig. 1 ). An MRI was obtained that confirmed the diagnosis of a patellar stress fracture and ruled out any patella tendon or intra-articular pathology (Fig. 1) . The patient was immobilized in a hinged knee brace, locked in extension. She was also prescribed Vitamin D and calcium supplementation as well as daily use of an Exogen® LIPUS system(Bioventus LLC, Durham, NC, USA). It was discussed with the patient that since the injury was 2-3 months' old, she was at a higher risk for failing conservative treatment, which would require operative fixation. At 1month follow-up, radiographs were obtained that showed early callus formation, and her examination revealed a clinical decrease in her pain. She was then progressed to weight bearing as tolerated with gradual increase in her range of motion guided by physical therapy. At 2 months, radiographs showed fracture healing, and we began gradual reintegration of gymnastics with limitations on tumbling/dismounting/jumping activities. At 3 months, she was allowed to return to full competition. After approximately 1year of returning to sport and competing as a collegiate gymnast, she unfortunately began to develop similar symptoms as before, now in her contralateral knee. She presented back to our office where we confirmed the diagnosis of a stress fracture of the inferior pole of the contralateral patella, similar to her previous injury (Fig. 2) . At that visit, radiographs revealed complete healing of her prior stress fracture from 1year ago. She was given the same conservative management plan of a period of immobilization in a hinged knee brace locked in extension, Vitamin D and Calcium supplementation, daily use of LIPUS, and later progressed to physical therapy with guided return to gymnastic activities. At 3 months, she was pain free, and a Knee Injury and Osteoarthritis Outcome Score (KOOS) survey was obtained [Graph1] [20] . With the KOOS showing favorable results, in addition to being pain free, the patient was allowed a full return to competition (Fig. 3) . She is now 3 years from injury on the right knee and 2years from injury on the left knee and continues to compete at the Division I collegiate level without pain (Fig. 4) .
Discussion
Patella stress fractures are a rare injury encountered by orthopedic surgeons. This case is particularly interesting as the patient had been symptomatic for approximately 3months. Given the chronicity of the injury at presentation, the patient is at high risk of failing conservative non-operative management, and it could be argued that one should proceed with surgical fixation. Due to the rare nature of this type of stress fracture, there is not much evidence to support treatment guidelines. In other stress fractures of the lower extremities that are chronic and have a visible fracture line, such as anterior tibia shaft and femoral neck fractures, surgical fixation is the recommended treatment. However, we feel that the patella is unique in that it has an adequate blood supply to allow healing, even when presenting late and having radiographic changes. This abundant blood supply may also explain why it is such a rare location for a stress fracture, further supporting an initial trial of conservative management. In addition, most cases will involve athletes that place high loads on their patellofemoral joint where screws/implants at the patella and patella tendon can have detrimental effects on performance. This case report supports a trial of non-operative care for patella stress fracture even with a visible fracture line on radiographs. 
